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Useful  constants:    NA  =  6.022  *  1023  mol-1 
1  amu  =  1.6605  x  I0~24g 
1  atm  =  760  mmHg  =  760  torr 
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H 

1.008 

2 

He 

4.003 
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Li 

6.941 
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Be 

9.012 

5 
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10.81 
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12.01 

7 
N 
14.01 
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16.00 

9 
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19.00 

10 
Ne 

20.18 

11 

Na 

22.99 
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Mg 

24.31 

13 
Al 
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14 
Si 

28.09 

15 
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32.07 

17 
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Ca 

40.08 
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29 
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(a)  A  medical  student  was  asked  to  determine  the  molarity  of  an  aqueous  solution  of  citric 
acid  in  the  laboratory  using  a  titration  with  sodium  hydroxide.  The  molarity  of  the  citric  acid 
solution  was  known  accurately  to  be  0.0560  mol/L. 

The  student  performed  the  experiment  four  times  and  obtained  the  following  results: 
0.0533  mol/L      0.0530  mol/L      0.0534  mol/L       0.0531  mol/L 


(i)  In  the  laboratory  what  glassware  do  we  use  to  measure  volumes  of  liquids  in  general? 

pKp^fcfce   volumetric  -Flask 

bur-ette   graduated  ctjhndef 

(ii)  The  aqueous  solution  of  citric  acid  was  prepared  from  a  crystalline  solid  of  citric  acid. 
What  are  the  different  methods  used  to  measure  mass  in  the  laboratory? 

Weighing  b*j  taring 


eijhing  bt)  difference 


Name  the  two  types  of  balances  used  to  measure  mass  in  the  laboratory. 

analytical  balance       top- loading  balance 

(iii)  Mass  is  an  extensive  property.  What  does  this  mean? 

irt  means  that  it  depends  on  the  amount  cf  -the 
substance  considered 

Give  two  examples  of  an  intensive  property.  denSlbj  QACl  teTfjj)efCXtlAi'e. 

(iv)  Discuss  the  results  of  the  determination  of  the  molarity  of  citric  acid  above. 

Since,  the  measured  values  of -the  molarity  are  close 
-to  each  other  the  measurements  are  precise  or 
re  prod  uciJole.  The  average  Value  o^-e/ie  measurements 
/.S  as  follows: 

V  I   H  X  b 

=5   0.0^3Z  Mo\A 

%  error  =  (s-ogfco^.a^a) x / oof  ==  0-0028  * /coy 

He  average  Votlue  otfffers  slyht/ij  -p^     ~  5:0  % 

the  actual  (-true)  molarity.  Thus  the  measuremeats  are 

not  ver^  accurate.)  i.e.  they  are  sightly  accurate. 


(v)  Name  the  type  of  reaction  that  was  used  in  the  analysis  of  the  citric  acid  solution. 

acid-base  feqc-froa    or  neutralisation,  reaction 


(b)  Answer  the  following  questions  about  hemoglobin. 

(i)  What  is  hemoglobin?   An  iVo^l  Acti  W  pfoteia  that  tfaflS^OitS 

oxygen  -jVom  the  luocpto  the  bay  tissues  via  the 
blood  circulator tj  system. 


(ii)  How  many  iron  atoms  are  found  in  one  molecule  of  hemoglobin? 

Fouf  (4)  ettonns 

(iii)  Hemoglobin  is  0.3437%  by  mass  of  iron.  Calculate  the  molecular  mass  of 

M  -  6.5oo  x  icv  amu  «  molecular 

(iv)  An  average  adult  has  5.0  L  of  blood.  Every  milliliter  (mL)  of  blood  contains  5.0  *  109 
red  blood  cells.  Every  red  blood  cell  has  an  average  of  2.8  *  108  molecules  of 
hemoglobin. 

Calculate  the  total  mass  of  hemoglobin  (in  grams)  in  an  adult. 

^oL?(lmL  ^  5"-o  *  IQ9  RSC  molecules  of  Hb 

I03L       ±  mL  1  R8c 

7.0  x  10 2,1  Hb  molecule^ 
nHb   »  WHb  =  7.0^0*%  molecules  =  coilC^rto! 

Determine  the  total  mass  of  iron  in  the  hemoglobin  of  an  adult. 

Thtai  mass     x<on  llx  ab  -  o-  3-4-37  %  ^  75b  a 
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The  mass  of  iron  in  hemoglobin  is  65%  of  the  total  amount  of  iron  in  an  adult. 
Calculate  the  total  mass  of  iron  in  an  adult. 

(c)  An  unknown  organic  compound  contains  carbon,  hydrogen  and  oxygen. 

Complete  combustion  of  1,2010  g  of  this  compound  gives  1.7604  g  of  carbon  dioxide. 
Complete  combustion  of  36.00  mg  of  this  compound  produces  7.220  x  1020  molecules 
of  water. 

(i)  Determine  the  empirical  formula  of  the  unknown  organic  compound. 

«  7.23o  ^^cufo  '•20,° ?   =  f  *°% 

3&.oo  /rja 


C  H  O 

40003      ^7)23     ^^??3  , 

Tomfool     T^8^/mo)  '*>-«>9MdI 

3-331jao1      G-<p(>4  _mol     3-35Q  moj  ,  ^       ,  run 

3.330"^     3- 330  mol     3-330  /noi  empirical  -formula  = 

i.eoo  2«ool  i-ooo  ^  -* 

1         (ii)  If  three  molecules  of  this  compound  contain  12  atoms  of  hydrogen,  what  is  the 

molecular  formula  of  this  compound? 

One  molecule  of  C^0Z  contains  atoms  =  ^  atoms 
A  Molecule  -formula  =^  CxH^Oz 

gut  Since  the  empirical  formula  is  C  H^O;  tHe  4 
molecular  -pornnulq  is  C2H^o^ 


(d)  Write  reaction  equations  for  each  of  the  following: 


(i)  The  combustion  of  ethanol 

(ii)  When  aluminium  is  added  to  hydrobromic  acid  hydrogen  gas  is  given  off. 

2,A10)  +  <3HSr(a<p  — -7  2fli&c3frf)  +  3Ha<9) 

(iii)  The  heating  of  a  hydrated  alkaline  earth  metal  halide  produces  an  anhydrous  salt. 
(Alkaline  earth  metal  =  M,  halogen  =  X) 

MXa-«.H,o^_^ — *    MXaG;  +  M^Oty 

(iv)  Mixing  an  aqueous  solution  of  mercury(l)  nitrate  with  an  aqueous  solution  of  ammonium 
phosphate  produces  a  precipitate.  (All  salts  of  ammonium  are  soluble  in  water). 

(v)  Sublimation  of  carbon  dioxide. 

(vi)  The  oxidation  of  iron  by  oxygen  gas  produces  a  solid  of  iron(lll)  oxide  as  the  only  product. 

(vii)  The  reaction  of  formic  acid  with  calcium  hydrogen  carbonate  produces  a  colourless 
gas. 

(viii)  The  reaction  of  tetraphosphorus  decoxide  with  water  forms  phosphoric  acid  as  the  only 
product. 

(ix)  The  hydronium  ion  and  the  hydroxide  ion  react  in  aqueous  solution  to  produce  water. 

(x)  The  thermal  dissociation  of  a  molecule  of  iodine. 
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QUESTION  2 


(a)  Perform  the  following  mathematical  operations.  Show  all  your  calculations 


0)2o°c  =  2-9  *  io' 

or   29o  JC 


K 


1.  a* 

3l5  Xio 

-29* 

3l5  *  ICr1- 

=■  5.9  x  10" 


(ii)  646  torr 


=     0.<350  atm 


G>y(p  torr  x  A?^-    =  <>85o  atm 

7(pO  -torr 


(iii)  9500  +  4500  = 


  9-5   x  io 

=^  1.40  x  io* 

(iv)  0.03036  cm  +      60'0  Cm    =  6.07  *  10"4 

003034?  cm  -  (0.07  x  )o"^ 


(v)  0.039  dm3  +  60.8  mL  =      )0O»  ml  Of  l-00>C|p 

mL- 

X  JUL   =  39  ml 
dm3  io""^L 


9-9862.^/0^ 


39 

6o- 

8 

mL 

99* 

8 

mL 

100* 

mL 

(vi)  9.9862  x  105  mg/dm 


3  _ 


op. 


998-65 


(b)  Chlorine  has  two  isotopes.  One  of  these  isotopes  is  35CI  with  an  atomic  mass  of  34.93 
amu  and  a  natural  abundance  of  75.53%. 

Calculate  the  mass  of  the  other  isotope  of  chlorine  in  grams. 

SSC\    3^-93  amu  75-53% 

*Ct      m?  )oo%-75.53%= 

)oo    ^        J  100 

24.47  m    =  9o7 

n    -  _22Z-  =  37. 1 
24.47 

.'.  atomic  mass-  oj?  sec©aa  isotope  op  c^  =  57,1  amu 
mass  m^rams  =  571  amu  ^  ±<p<*°5*jsl3j 

amq 

(c)  Aluminium  reacts  with  liquid  bromine  (Br2)  to  produce  solid  aluminium  bromide. 

In  an  experiment,  40.75  g  bromine  was  reacted  with  5.56  g  aluminium  and  38.54  g  aluminium 
bromide  was  obtained. 

Calculate  the  percentage  yield  of  aluminium  bromide. 

2  Alts;  +     38fs(Lj  ~-^2A\&f3LS) 

n^o-Qo(emo\  0=  o.255cmoi       m<3        J  1 

Al  8^  f      =  O>l7oom\yt  2<e(p.tfe)a 

2mol  3^0\  (        -  45-34  g  -fel 

o-xo(p mol      x  V     %  yield  of  AlBY^ 
;*        (reau/Ved)  =  _3mc>l  *  o-2oG>mo|        \  =:  ac-tug)  t^'eld  ^ 

~  o-3o^  mo!  (required)        \  J 

o-255b  mo)  is  too  Ji'+tte      \  ~8'5/f3^<  /0o£ 

is  tke  limiting  feactant  \  ^5'':543 

gc,         Al8r3  J  =  85-00% 

3nB'     ,?d      .  v       =  <2mol/  0.^50 mol 
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